Sheep gut passage and survival of Mediterranean shrub seeds by Manzano Baena, Pablo et al.
Sheep gut passage and survival of Mediterranean shrub
seeds
Pablo Manzano*, Juan E. Malo and Begon˜a Peco
Departamento Interuniversitario de Ecologı´a, Facultad de Ciencias, Universidad Auto´noma de Madrid,
E-28049 Madrid, Spain
Abstract
Although viable seeds of Mediterranean dry-fruited
shrubs are found in herbivore dung, the ecological
importance of this observation is still not well under-
stood. We analysed seed retrieval percentages,
defecation time and germinability after sheep gut
passage for the five most common shrub species of an
area in central Spain (Retama sphaerocarpa, Cytisus
scoparius, Halimium umbellatum subsp. viscosum,
Cistus ladanifer and Lavandula stoechas subsp.
pedunculata). Five ewes were fed seeds, and their
dung was collected regularly during the following
week. Seeds were hand-sorted from dung sub-
samples and tested for germinability. The defecated
seeds were clustered in time, with a majority retrieved
in the 24–40 h period, although over 1% of the seeds
were retained in the gut for more than 72 h. Data
suggested a possible link between seed size and
retrieval, with medium-sized seeds less damaged
(16–23%) than larger and smaller seeds (10–12%),
although only a small number of species were studied.
Germination results showed an increased percentage
of germination after gut passage for H. umbellatum (x2
test, P , 0.05) and a marginally significant difference
for C. scoparius (P , 0.1). Soft-seeded L. stoechas
did not germinate after gut passage. The results
indicate a potential role of herbivore endozoochory for
the long-distance dispersal of dry-fruited shrubs and
their potential colonization of distant sites.
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Introduction
Seed dispersal by animals has attracted scientific
attention for a long time, although research has mainly
focused on the fate of fleshy fruits (Traveset and
Verdu´, 2002). The role of herbivores as endozoochor-
ous dispersers of dry-fruited species has received less
attention, but the Janzen (1984) proposal of the ‘foliage
as fruit’ hypothesis has boosted research in the area. In
short, this hypothesis states that foliage can act as an
attraction and reward for herbivores, as much as fruit
flesh for frugivores. Thus, plants could benefit from
dispersal and pay back dispersers with photosynthetic
tissue and a fraction of seeds that are digested by
herbivores.
Dry-fruited shrub species with small seeds of
many families in the Mediterranean (e.g. Leguminosae,
Cistaceae, Labiatae, Ericaceae) lack obvious means of
long-distance dispersal, and endozoochory could play
an important role for them (Malo and Sua´rez, 1996).
Dispersal of some seeds away from the mother plant is
a key element in the life cycle of pioneer dry-fruited
shrubs, as they persist in landscapes through a
combination of scrub resilience (survival after pertur-
bations, often linked to wildfire) and the establish-
ment of new populations at points where disturbances
generate gaps (Keeley, 1991; DeSimone and Zedler,
2001). Available data suggest that abiotic dispersal
does not explain the distances reached by new
colonizers of open places, either by wind or by
ballistic dispersal (Cain et al., 1998; Sa´nchez and Peco,
2002; Malo, 2004). Less obvious mechanisms of long-
distance dispersal should, therefore, be responsible for
the arrival of pioneer shrubs at locations where new
populations are established. In fact, there is a general
lack of data on ‘long-distance seed dispersal’, under-
stood as the extreme 1% tail of the seed shadow, and
the relevance of knowledge about long-distance
dispersal events has become evident when modelling
vegetation changes linked to climate change (Cain
et al., 2000). Although endozoochory may generate
large seed losses, this dispersal mechanism is capable
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of spanning the distances needed to account for rapid
plant migration (Pakeman, 2001). In order to model
seed shadows generated by animals, the transit time of
seeds through the gut has to be investigated, and
particular attention has to be paid to the seed fraction
retained in the gut for longer periods.
The importance of herbivore endozoochory has
been highlighted (Campbell and Gibson, 2001;
Pakeman, 2001), and several studies have shown
the presence of dry-fruited shrub seeds in herbivore
dung (e.g. Malo and Sua´rez, 1996; Sa´nchez and Peco,
2002). However, very little is known about the fate of
their seeds after passage through guts (Traveset and
Verdu´, 2002). The quantification of seed losses
caused by chewing and digestion is essential in
order to assess the potential benefits of this strategy.
Seed mastication depends on size and hardness, and
the potential role of digestive processes in breaking
seed dormancy is still partially unknown. Pakeman
et al. (2002) found that small, round weed seeds best
survived gut passage. Again, many studies link
dormancy breaking in various hard-coated seeds to
fire exposure or scarification (e.g. Thanos et al., 1992;
Delgado et al., 2001; Pe´rez-Ferna´ndez and Rodrı´guez-
Echeverrı´a, 2003). However, increases in germinabil-
ity have also been observed following herbivore
digestion, and the utility of hard seed coats in plant
reproduction can be multiple (Russi et al., 1992; Malo
and Sua´rez, 1996). Resistance of seeds to bovine
digestion can depend on the proportion of hard
(physical dormant) and soft (non-dormant) seeds,
given that non-dormant seeds may initiate imbibi-
tion in the gut and be digested (Gardener et al.,
1993). Thus, hard-seededness may be an important
feature for plant species to take advantage of
herbivore dispersal.
The aims of this study were: (1) to ascertain the
temporal pattern of seed defecation by sheep, with
special regard to the size of the final ‘tail’, and (2) to
quantify the percentage of seed survival of the most
common dry-fruited shrub species in the study area.
Seeds ranged largely in size among the studied
species, and there were representatives of both
hard-coated (Cistaceae and Fabaceae) and soft-coated
(Labiatae) families.
Materials and methods
Five characteristic shrub species of central Spain were
chosen to represent a gradient in seed size (Table 1).
Seeds were fed to five ewes from a herd of the Rubia
del Molar breed held at the Veterinary Faculty
(Universidad Complutense de Madrid). The animals
were fed with plant fodder and barley grain, and had
free access to water and straw during the experiment.
The herd did not graze in the open, since it is kept for
teaching purposes in the faculty stables.
Seeds used in the experiment were of commercial
origin from a forestry nursery in Madrid Province,
with the exception of Halimium umbellatum, which
were collected from a wild population in Pedrezuela
(Madrid). The seeds (3750 of Retama sphaerocarpa,
25,000 of Cistus ladanifer and 10,000 of each of the other
species) were mixed with barley grains, and offered as
one large sample to the set of animals, which ate the
mixture completely. The restless nature of the breed
and the low-intensity management of the flock
precluded the possibility of working with animals as
independent replicates of the experiment. The faeces
were then collected in specially designed bags
attached to the back of the animals (Fig. 1), keeping
those of each animal separate. Faeces collection was
carried out every 8 h during the first 64 h, and
thereafter every 12 h until 172 h. The samples were
air-dried immediately after collection to avoid seed
fermentation and damage.
Air-dry dung was weighed, and a 20 g subsample
was removed from each dung sample for the seed
content analysis. The 20 g subsamples were crumbled
and sieved through a 500mm net prior to seed sorting
under a 10£ magnifying glass. Only seeds with no
apparent external damage were sorted and considered
to be potentially viable (referred to ‘retrieved seeds’,
hereafter). Following this process, the remainder was
mixed with sterile soil, spread in 1 cm layers over 6 cm
Table 1. Species used in the study and main characteristics of their seeds
Seed size (mm)
Species Length Width Height Mass (mg) Source
Retama sphaerocarpa 6.5 4.9 3.8 77 The present study
Cytisus scoparius 3.3 2.4 1.2 8.7 Azca´rate (2003)
Halimium umbellatum
subsp. viscosum
1.6 1.3 1.3 1.4 Azca´rate (2003)
Cistus ladanifer 0.97 0.55 0.55 0.22 Pe´rez-Ferna´ndez
et al. (2003)
Lavandula stoechas
ssp. pedunculata
1.8 1.1 0.8 0.9 Sa´nchez (2002)
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of vermiculite and subjected to greenhouse germina-
tion for 3 months, to check for any remaining
germinable seeds. No germination was detected.
The total number of seeds defecated by each ewe
was estimated from the seed density values (seeds of
each species/g) in each sample, multiplied by the dry
weight of the total faeces collected. The restless nature
of the animals caused the loss of some attached bags
during the experimental period, and seed densities
had to be estimated for the lost samples. The seed
defecation data (retrieved seeds) available for each
animal, and the temporal patterns of seed defecation
shown by the rest of the individuals, were used to
make a conservative inference of the amount of lost
seeds (13.4% of retrieved seeds). The resulting
numbers (retrieved, plus presumably lost seeds) are,
hereafter, described as ‘extrapolated seeds’, and the
results are presented both in terms of retrieved and
extrapolated seeds.
A sample of 100 seeds from each species (50 in the
case of R. sphaerocarpa) extracted from dung and a
parallel set of control samples were subjected to a
germination test in a growth chamber. Conditions
(12 h light, ‘day’ temperature 22.58C and ‘night’
temperature 118C) were similar to outdoor conditions
in the area at the beginning of autumn. Seed
germination was checked visually three times a
week during a 75-d germination trial period. Due to
the lack of germination amongst retrieved Lavandula
stoechas seeds, samples were subjected to a final
treatment with gibberellic acid (0.1%) and monitored
for germination over an additional 14-d period.
Gibberellic acid has been shown to be an effective
stimulator of Lavandula angustifolia germination
(Chavagnat, 1978).
Differences in germinability between experimen-
tal and control seeds were statistically evaluated by x2
analyses. Due to the lack of normality in the data set,
even after transformation, Mann–Whitney U-tests
were used to test for differences in germination
speed, measured as number of days taken for each
seed to germinate since the beginning of the
experiment. STATISTICA 5.0 for Windows (1998
Edition, StatSoft Inc., Tulsa, Oklahoma, USA) was
used in all statistical analyses.
Results
A total of 1439 seeds was retrieved from the analysed
dung samples, and the estimation of surviving seeds
in 20-g samples (if none had been lost) extracted from
dung raised this value to 1619 seeds (Table 2). The
estimated percentage of defecated seeds varied
between species, ranging from 10 to 23%. Seeds of
intermediate sizes (H. umbellatum, L. stoechas and
Cytisus scoparius) were retrieved in comparatively
larger numbers (16–23%) than those of the small-
seeded C. ladanifer (10%) and the large-seeded
R. sphaerocarpa (12%).
Seeds were defecated clustered in time, with a clear
peak between 24 and 40 h after feeding in all plant
species (Fig. 2). In this time period, 73% of
R. sphaerocarpa seeds, 65% of C. scoparius, 73% of
H. umbellatum, 81% of L. stoechas and 76% of C. ladanifer
seeds were defecated. No seeds were retrieved from
dung defecated in the first 8 h, but seeds were still
detected (1.42%) 76 h after feeding. C. scoparius seeds
were found up to 160 h after feeding.
Figure 1. Schematic diagram of the faeces collection bag and
its attachment to the ewe.
Table 2. Main results by species of seed retrieval from dung subsamples and estimations of the number and percentage (in
brackets) of seeds defecated by the five ewes together. Extrapolated data include the amount of seeds presumably lost in samples
that could not be analysed (see text for details)
R. sphaerocarpa C. scoparius H. umbellatum C. ladanifer L. stoechas
Retrieved seeds 98 305 417 369 250
Extrapolated seeds 98 316 436 482 287
Defecated seeds 454 (12.1%) 1615 (16.2%) 2186 (21.9%) 1933 (7.7%) 1365 (13.7%)
Extrapolated defecated seeds 454 (12.1%) 1683 (16.8%) 2302 (23.0%) 2599 (10.4%) 1586 (15.9%)
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In the seed germination trial, all species but
L. stoechas were germinable to some extent after
passage through the sheep gut (Table 3). Germina-
tion was significantly improved in H. umbellatum (x2
test, P , 0.05) and marginally (P , 0.1) in C.
scoparius. In R. sphaerocarpa and C. ladanifer no
significant trend was found. No L. stoechas seeds
retrieved from dung germinated, although 63% of
control seeds did germinate (P , 0.001). The final
treatment with gibberellic acid was followed by
some germination in all species, except C. ladanifer
and L. stoechas, but results remained essentially
unchanged.
No significant effect on germination speed
was observed in any of the species studied (Fig. 3).
The acceleration observed in C. scoparius by gut
Figure 2. Temporal pattern of seed defecation after experimental seed feeding to sheep. Arrows point to the presence of seeds in
dung samples with close-to-zero seed densities.
Table 3. Number of seeds germinated after 75 d in the growth chamber [22.58C day (12 h)/118C
night] from control seeds and those extracted from sheep dung. P values are for the x2 test,
except for C. ladanifer, where the Fisher exact test was used. Sample size for each species and
treatment is n ¼ 100, except for R. sphaerocarpa (n ¼ 50). Total germinated seeds after an
additional 14-d treatment with 0.1% gibberellic acid (GA) are also presented (89 d in total)
Species Dung Control x2 value P value Dung-GA Control-GA
R. sphaerocarpa 36 34 0.19 0.663 39 34
C. scoparius 50 37 3.44 0.064 53 40
H. umbellatum 13 5 3.91 0.048 15 8
C. ladanifer 6 2 – 0.279† 6 2
L. stoechas 0 63 91.97 0.000 0 63
† Fisher exact test, two-tailed.
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passage was marginally significant (median elapsed
time until germination 40 versus 49 d, Mann–Whitney
U ¼ 653.5, P ¼ 0.077). No clear trend was observed in
R. sphaerocarpa (42 versus 33 d; U ¼ 490.5, P ¼ 0.153),
H. umbellatum (40 versus 42 d; U ¼ 28.5, P ¼ 0.693) or
C. ladanifer (12.5 versus 24.5 d; U ¼ 0.0, P ¼ 1.000).
The median time taken by control L. stoechas seeds to
germinate was 19 d.
Discussion
Seeds from several Mediterranean shrub species
survived ingestion and gut passage by sheep, and
could potentially be dispersed by free-ranging live-
stock. The observed gut passage times and survival
percentages allow for long-distance seed dispersal.
This dispersal capacity could help pioneer species to
colonize distant locations.
The effects of seed size and hard-seededness are
not clearly reflected in the final recovery of seeds. The
low number of species used precludes the possibility
of having any definite conclusion. A substantial
portion of all five species of seeds passed through
the gut with no apparent external damage. Contrary to
expectations (Gardener et al., 1993), no trend towards a
higher recovery of hard-coated seeds was observed in
comparison with the soft-coated L. stoechas. A slight
tendency towards medium size as optimal for survival
could be inferred from our data, but any conclusion
with such a low species number would be hazardous.
The species with the smallest seeds, C. ladanifer,
showed the lowest retrieval, which suggests that such
high losses could be attributed to digestion, rather
than mastication. The higher surface-to-mass ratio of
small seeds limits their coat thickness, leading to a
stronger effect of digestive fluids, which could explain
the difference in retrieval (10% versus 23%) compared
to the Cistaceae species with middle-sized seeds
(H. umbellatum). In contrast, the large-seeded
R. sphaerocarpa showed a lower recovery percentage
than its Leguminosae counterpart (C. scoparius).
Mastication seems to be important for R. sphaerocarpa,
as it was directly observed during the feeding
experiment, and fragments of broken seeds were
often found in dung samples. Data in the literature are
contradictory on this point, as some studies (Stani-
forth and Cavers, 1977; Russi et al., 1992; Pakeman
et al., 2002) have found a negative relationship
between size and recovery, while Castro and Robles
(2003) retrieved higher percentages of larger-sized
seeds. These authors also found higher percentages of
seed recovery (mostly between 35 and 45%) among
Cistaceae species than our tests (Castro and Robles,
2003).
Digestion may have a comparable effect to seed
scarification of hard-seeded species, although our data
only partially support the idea. Growth chamber data
indicate an increase in germination percentages for H.
umbellatum and a clear trend towards germination
enhancement in C. scoparius. In both species, germina-
tion of control seeds was similar to that found in the
Figure 3. Cumulative temporal pattern of germination of defecated and control seeds in a growth chamber [22.58C day
(12 h)/118C night]. Light bars, defecated seeds; dark bars, control seeds.
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literature (Ta´rrega et al., 1992; Bossard, 1993; Herranz
et al., 2000; Valbuena et al., 2002). In R. sphaerocarpa and
C. ladanifer, no increase in germination was detected,
and they showed unusual germination patterns in
control sets. For R. sphaerocarpa, germination percen-
tages for untreated seeds reported in the literature are
4–5% (Catala´n, 1991; Pe´rez-Ferna´ndez and Rodrı´-
guez-Echeverrı´a, 2003); however, we found more than
70% germination in both sample types. References for
C. ladanifer germinability show highly variable data, in
a range (8–77%) that is higher than the 2% in our case
(Pe´rez-Garcı´a, 1997; Delgado et al., 2001; Pe´rez-
Ferna´ndez et al., 2003). Genetic differences amongst
populations of the species seem to lead to highly
variable dormancy patterns (Pe´rez-Garcı´a, 1997). In
our case, the low number of germinated seeds
precluded the identification of patterns in C. ladanifer,
while an increased germination percentage has been
observed in seeds taken from red deer dung (Malo and
Sua´rez, 1996).
The results for L. stoechas are not clear, considering
the data available in the literature. The lack of physical
dormancy in Labiatae could be blamed for the death of
all seeds fed to the animals (Gardener et al., 1993;
Baskin and Baskin, 2001). Thus, retrieved seeds with a
good external appearance might have damaged
embryos, as shown by the absence of response to
gibberellic acid. However, it is known that L. stoechas
seeds do germinate from sheep dung collected in
shrublands of central Spain (Sa´nchez and Peco, 2002).
In fact, subsequent re-assessment of collected material
(Manzano and Sa´nchez, unpublished data) show that
the germination percentage of L. stoechas seeds present
in sheep dung in the previous experiment was close to
20%. Therefore, the question of survival of soft-seeded
species, such as L. stoechas, to gut passage remains
open, although variability in germination of the
species among populations could be also responsible
for contradictory results (Chavagnat, 1978; Maher et al.,
2000; Pe´rez-Garcı´a et al., 2003).
No effect of ingestion was observed on the
germination speed of retrieved seeds, but implications
of changes in this feature would be difficult to
interpret in terms of plant fitness. The acceleration of
germination has advantages as well as disadvantages
for seeds, and the net effect is completely species- and
site-specific (Traveset and Verdu´, 2002). Therefore, an
absence of neat evolutionary pressure in any direction,
and the fact that we really do not fully understand the
detailed evolutionary scenario faced by seeds,
precludes any further consideration of the subject
(Janzen, 1983).
The temporal distribution of seed defecation
facilitates increased dispersal distances for all seeds,
and extremely long distances for the final tail.
Clustered seed defecation patterns, with a long final
tail, have been observed for sheep by Wallander et al.
(1995), and could be interesting for pioneer species
that lack specialized dispersal syndromes. Seeds of
the studied species are typically dispersed by wind
or fruit dehiscence over distances ranging from less
than 1 m in L. stoechas (Sa´nchez and Peco, 2002), to
1–8 m recorded for C. scoparius (Malo, 2004). Thus,
minimum predictable dispersal distances by sheep
may be tens to hundreds of times larger than those
provided by abiotic dispersal mechanisms. More-
over, the tail of the dispersal curves generated by
sheep can be rather long, as seeds of all species,
with the exception of R. sphaerocarpa, were defecated
after 72 h. R. sphaerocarpa seeds are probably retained
in the gut for such long periods as well, but the
smaller sample size used in our study, in compari-
son with the other species, may be responsible for
this result. The dispersal distance attained by seeds
passed through gut probably depends on the
management of the sheep, but it can be extremely
great. For historical transhumance flocks in Spain
(Klein, 1981), the data presented here show a
potential mean seed dispersal distance of c. 40 km,
as sheep moved about 25–30 km a day, and the
dispersal peak found in our study was around 32 h
(Fig. 2). The 1.4% of the seeds that we retrieved after
76 h suggests potential long-distance dispersal
exceeding at least 80 km. Although autumn trans-
humance takes place when most dry-fruited shrubs
have passed their fruiting peak, some shrubs retain
part of their seed crop on the plant (e.g. R.
sphaerocarpa, L. stoechas), thus being available for
moving livestock. Although the cost of gut passage
for dry-fruited species is undoubtedly high (Traveset
and Verdu´, 2002), ingestion can be advantageous for
plant establishment, due to the potential benefits
of long-distance dispersal. In fact, colonization at
landscape scales, and geographical-scale changes in
vegetation, such as the Holocene migration of
plants, can only be understood in terms of dispersal
distances such as those potentially provided by
migrant herbivores, such as reindeer (Rivals et al.,
2004), or other rare events (Bullock and Clarke, 2000;
Cain et al., 2000).
The transit time of seeds in herbivore guts and
their survival in non-anecdotal numbers highlight the
potential role played by endozoochory for dry-fruited
shrub species in the Mediterranean area (Pakeman,
2001). Extensive grazing of shrublands by free-
ranging herds is a common practice in the area, and
seeds of several species have been found in herbivore
dung. Although the role of herbivory in shrub
colonization and maintenance is far from well
understood, and negative effects of grazing on
seedlings are common (Bellingham and Coomes,
2003), gut passage provides dry-fruited species with
extensive seed shadows, and this may allow for the
rapid spread of their populations.
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